Abstract It is shown that the age-independent index based on h-type index per decade, called hereafter an a index instead of the a index, suggested by Kosmulski (Journal of Informetrics 3, 341-347, 2009) and Abt (Scientometrics 2012) is related to the square-root of the ratio of citation acceleration a to the Hirsch constant A.
citations, the h index and the a index of different authors. In Table 2 the authors are listed by alphabetical letters arranged in decreasing order of peak h indexes, whereas the publication duration t of the authors was read off from the plots in the paper published by Abt (2011) of h and a against the years t following the publication of their first papers.
According to Hirsch (2005) the relationship between L(t) and h is given by
where A is an empirical constant, which Hirsch found to lie between 3 and 5. However, the value of the Hirsch constant A for the authors of Tables 1 and 2 lies in a wider range between 2.9 and 32.7. According to the progressive nucleation mechanism cumulative citations L sum (t) is related to the publication duration t by (Sangwal 2012 )
with the citation acceleration
where k 0 is a proportionality constant (unit: citations), DN is the average number of papers Since the parameters k 0 , DN and H 0 are independent of citation time t and characterize the citation behaviour of an author, citation acceleration a of an author is independent of publication duration t. The units of a are citations/years 2 . From Eqs. 1 and 2 one obtains the relationship between Hirsch index h and publication duration t of an author as
where b is the slope of the plot of h against t, given by
The slope b is a measure of the scientific activity of an author. The higher is the value of b, the higher is the activity of the author. The decade-based age-independent index a introduced by Abt (2011) is given by
where (Dh) i is the increase in h index in the year i of an author and the summation is carried out over a decade such that 1 \ i \ 10. Obviously, the index a = 10b = 10(a/A) 1/2 . Examples of the average values of a calculated by the present author for the scientists of Anderson et al. are shown in Fig. 1 , whereas those for the astronomers in different decades are presented in the paper by Abt (2011) .
From the average values of a in different decades for different authors, the average values of their ''age-independent'' index a in their entire citation careers were calculated. These values are listed in Tables 1 and 2 . The values of 10b were calculated by using Eq. 4 with the final h index and the citation period t (i.e. by using Eq. 5 from the values of a and A) and are given in Tables 1 and 2 . In the last column of Table 1 are also included in the parentheses the best-fit values of 10b obtained on the assumption of linear dependence between h index and the citation period t of the selected scientists of Anderson et al. (see Fig. 2) . Note that the slope b of the plot of h against t for an author in Fig. 2 usually does not remain constant in the entire career of an author. In fact, the dependence of h on t is close to linearity only for Proctor. Fig. 2 The relationship between age-independent index a and 10b is shown in Figs. 3 and 4 for the selected ''Royal'' scientists of Anderson et al., and Abt's astronomers, respectively. In Fig. 3 the a index is plotted as a function of 10b calculated in two ways: (a) from the highest values of h index achieved in the scientific career t using Eq. 4 and (b) from the linear dependence of h on t. The solid line is drawn on the assumption that a = 10b. In Fig. 4 the solid line presents the best-fit linear relationship between a and 10b, whereas the dashed line is drawn on the assumption that a = 10b. It may be seen that in Fig. 3 the values of a are in excellent agreement with the values of 10b calculated by the two methods. In contrast to Fig. 3, in Fig. 4, except for authors A and B , the values of a reported by Abt are comparable with the values of 10b calculated by using Eq. 5. However, strictly spoken, the observed values of a by Abt are equal to 10b for authors D, F, H, J, K and L, they are lower than the expected ones for authors A B, C, E and G, whereas the observed value of a is higher than the expected one for author I. These deviations in the observed values of a from the values expected from Eq. 5 are associated with different slopes of the plots of h index on time t in different decades of publications by these authors. In general, a pronounced increase in h in the later stage of the scientific career of an author will lead to a higher value of his/her a whereas a decrease in h in the later stage will lead to a lower value of a. These features can be clearly seen in Fig. 3 . The former feature may be observed in the case of Barford and Saibil whereas the latter feature is somewhat recognizable in the case of Becke. Table 1 using Eq. 5, and (filled circles) from the linear dependence of h on t. Solid line is drawn on the assumption that a = 10b
As seen from Tables 1 and 2 , the Hirsch constant A for a majority of scientists lies between 3 and 5.5. This means that one expects a linear relationship between a and a 1/2 (cf. Eq. 5). Figure 5 shows the data of a against a 1/2 for Abt's astronomers and scientists of Anderson et al. The straight line presents the best-fit plot of the a(a 1/2 ) data for Abt's astronomers. With the exception of Becke, one finds that the a(a 1/2 ) data for other ''Royal'' scientists are also described by this linear plot and the fit is similar to that observed in Fig. 4 . This suggests that that citation acceleration a is also a convenient measure to compare the publication output of different authors. Moreover, in comparison with the Hirsch h index or age-independent a index, it is relatively easy to compute a from the cumulative citations L(t) after time t (see Eq. 2).
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